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Most industrialized countries have reported recent decreases in the size of
infants born at term but no reduction , or even a rise in the incidence ofpreterm
birth. This paper reviews recent secular trends in preterm birth and the evidence
about possible reasons for those trends. The hypothesized reasons include igno-
rance about the causal determinants ofpreterm birth, failure to reduce exposure
to recognized determinants, increases in multiple births, the use of early ultra-
sound (rather than menstrual dates) to estimate gestational age, early induction
or cesarean section for pregnancy complications, and registration of extremely
immature births ofborderline viability.
INTRODUCTION
Preterm birth is arguably the most importantpublic health problem facing infants and
children in developed, industrialized countries [1-3]. It is the major cause of infant mor-
tality and is associated with major long-term neurocognitive, respiratory, and ophthalmo-
logic morbidity. Provision of intensive care for extremely preterm infants represents a
major expenditure for the health care system [4], and giving birth to an infant requiring
such care is a traumatic experience for parents, families, and society.
Although the last several decades have seen dramatic reductions in perinatal and
infant mortality, virtually all ofthese reductions are attributable to improved access to and
quality ofhigh-risk obstetric and neonatal care [5, 6]. The major consequence has been a
reduction in gestational age-specific mortality rather than prevention of preterm birth. In
fact, recent trends in the United States suggest that preterm birth may even be on the rise
[7]. In the remainder ofthis paper, I will examine recent secular trends in preterm birth in
the U.S. and several otherdeveloped industrialized countries and propose several hypothe-
ses to explain these trends. I will then summarize what is known about the causal deter-
minants of preterm birth and review recent secular trends in those determinants to assess
whether the trends in determinants can explain the trends in incidence of preterm birth.
Next, I will review available evidence bearing on other hypotheses to explain the trends in
preterm birth before reaching some tentative conclusions and making some recommenda-
tions about priorities for future research.
SECULAR TRENDS IN PRETERM BIRTH
Most industrialized countries have reported an increase in mean birth weight over the
last 20 years. Most of this trend appears due to an increase in the size of infants born at
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term, rather than either a reduction in preterm birth or an increase in the size of preterm
infants [8-10]. The increase in size of term infants appears to be primarily attributable to
recent reductions in maternal smoking [11], increases in prepregnancy weight [12] and
maternal weightgain [13-16], andperhaps to asmallerdegree, asecularincrease in mater-
nal stature [17]. In the United States, preterm birth rates have not only failed to decrease,
but recentfigures even indicate aslight increase [7]. In Canada, a report based on a com-
parison of the Canadian birth database in 1986 vs 1972 showed no consistent change in
the gestational age distribution, although there was a reduction in the trend toward round-
ing of gestational ages to months and half-months in 1972, and thus a general "smooth-
ing" of the gestational age distribution in 1986 [10].
To my knowledge, the only industrialized country that has reported a clear decrease
in the incidence ofpreterm birth is France, where both regional data from Hagenau [18]
and national surveys [19] indicate as much as a halving ofthe preterm birth rate between
the early 1970s and the late 1980s. Surprisingly, however, the same national surveys
showed no trend toward an increase in mean birth weight [19]. French epidemiologists
have attributed this unusual combination to a reduction in the birth weight of preterm
infants, due to earlier induction of birth in pathologic pregnancies [19]. Most industrial-
ized countries haveexperienced a similarincrease in preterm inductions, however, and the
unusual combination of a reduction in preterm birth and no increase in mean birth weight
(a combination that has not, to my knowledge, been observed elsewhere) therefore sug-
gests the possibility that the apparent reduction in preterm birth may be artefactual.
What are the possible explanations for this failure (outside of France, at least) to
reduce the incidence ofpreterm birth, particularly in view of the striking increase in size
of term infants and impressive reductions in perinatal and infant mortality? One possibil-
ity is that we have been unsuccessful in preventing preterm birth, either because we have
not understood enough about its etiologic determinants or because we have been unsuc-
cessful in modifying those determinants. But a second hypothesis is that the effect of
favorablechanges in determinants has been maskedby othersimultaneous changes. These
other potential masking changes include: (1) an increase in the incidence of multiple
births (twins, triplets, and higher-order multiples) owing to fertility-enhancing drugs and
procedures; (2) the increasing use ofearly ultrasound, rather than last menstrual period, to
estimate gestational age; (3) the above-mentioned tendency toward early (including
preterm) induction or cesarean section for pathological pregnancies; and (4) an increase
in registration of births near the borderline of viability. In the remaining sections of this
paper, I will examine the evidence for each ofthese potential explanations.
ETIOLOGIC DETERMINANTS OF PRETERM BIRTH
A great deal is known about the etiologic determinants of fetal growth and intrauter-
ine growth retardation (IUGR)b. Figure 1 shows a pie diagram containing "slices" corre-
sponding to the etiologic fractions (population attributable risks) associated with widely
acceptedetiologic determinants ofIUGR [5]. A determinant's etiologic fraction for IUGR
is the proportion of IUGR occurring in a given population that can be attributed to expo-
sure to the determinant within thatpopulation. It is calculated as follows, based on the rel-
ative risk (RR) ofIUGR in exposed vs nonexposed women and P, the proportion ofpreg-
nant women in the population exposed to the determinant:
EF - P(RR- 1)
P(RR- 1)+1
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Figure 2.Attributable Causes ofPreterm Birth (Developed Country)
As shown in Figure 1, maternal cigarette smoking during pregnancy is by farthe most
important determinant of IUGR; other important determinants include maternal stature,
prepregnancy weight-for-height, gestational weight gain, parity, racial/ethnic factors, and
fetal gender.
Figure 2 presents the analogous pie diagram for preterm birth [5]; its major message
is that most cases ofpreterm birth occur without known cause. Besides the widely recog-
nized determinants shown in Figure 2, recent research suggests that genital tract infection
and stress, anxiety, depression, and other psychological factors may also play important
etiologic roles, but further research is required to confirm and quantify those roles [21].
Prenatal care has often been touted (especially in the United States) as effective in reduc-
ing the risk of preterm birth. Yet support for this claim is based on two sources of evi-
dence: (1) observational studies comparing outcomes in women with early and/orfrequent
care vs outcomes in women with delayed and/or infrequent care [20, 22]; and (2) nonran-
domized comparisons ofparticipants vs nonparticipants in special pretermprevention pro-
grams [23, 24]. Both types of studies are highly prone to confounding by self-selection.
By contrast, virtually all randomized trials ofprenatal care, including "intensive" prena-
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tal care for women at high risk for preterm delivery, have yielded disappointing negative
results [25-27].
The main determinant shown in Figure 2 that has shown a secular decrease over time
is cigarette smoking [11]. Because cigarette smoking has a much smaller etiologic frac-
tion for preterm birth than for IUGR (owing to its lower relative risk for preterm birth vs
IUGR), recent decreases in maternal smoking might have been expected to lead to a small
reduction in incidence of preterm birth. Of the other known or suspected determinants,
only in utero DES exposure has shown such a secular trend, and thus no large reduction
in preterm birth would be expected.
HAS A REDUCTION IN PRETERM BIRTH BEEN MASKED BY OTHER
CHANGES?
Multiple births
Recent increases in the use of hormonal treatments, in vitro fertilization, and other
new technologies for the treatment of infertility have resulted in a striking increase in the
occurrence of multiple births, including higher-order multiple births. In the U.S., for
example, the multiple birth rate between 1980 and 1992 increased from 1.8 to 2.4 percent
in whites and from 2.4 to 2.8 percent in blacks [28]. Similar increases have been reported
from Scandinavia [29, 30]. Because a large proportion of twins and the majority of high-
er-order multiple births are born preterm, such a trend would lead to a slight increase in
overall incidence of preterm birth (in the absence of other changes).
Early ultrasound dating
Last menstrual period (LMP)-based gestational age dating has increasingly given way
to dating by early ultrasound, usually performed early in the second trimester and based
on the biparietal diameter or other anatomic ultrasonographic measurements. Available
data are fairly consistent in showing that early ultrasound dating results in a shift to the
left in the gestational age distribution. For example, in our study of 11,045 women with
both LMP and early ultrasound estimates of gestational age, 799 (7.2 percent) delivered
prior to 37 weeks based on the date ofthe last menstrual period vs 957 (8.7 percent) based
on early ultrasound [31]. Similar results have been reported by investigators from both
Alabama [32] and France [19], although one study from Detroit reported an opposite trend
[33]. This shift in gestational age distribution by early ultrasound is probably caused by a
number of falsely high LMP-based gestational ages due to late ovulation (and therefore
late conception) [34]. Since late ovulation appears to be much more prevalent than early
ovulation, and since the size of the fetus is obviously determined by the time since con-
ception, early ultrasound-based dates would be expected to be slightly lower, on average,
than LMP-based dates.
Preterm induction and cesarean section
With the improved viability ofextremely preterm infants, recent obstetric practice has
tended to become much more interventional when women develop pregnancy complica-
tions such fetal distress, severe intrauterine growth retardation, or severe pre-eclampsia.
Higher rates of preterm induction and cesarean section have been reported from both the
United States [32] and France, [19] although in both reports, the trend toward higher inter-
vention rates before term appears to explain only a small portion of the overall increase in
preterm birth. The major reason for this small contribution is that many of the infants
probably would have been born preterm in the absence of intervention, i.e., the effect of
intervention is not so much to move would-be term births into the preterm range, but
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rather to further reduce the gestational age of infants who would have been born preterm
even in the absence of intervention.
Increased registration ofextremely immature births
Another potentially important change in recent years has been the increasing tenden-
cy to report the birth of infants near the borderline of viability, i.e., those below 25 weeks
gestational age and/or near or below 500 grams birth weight. This tendency may not only
reflect a change in classification from stillbirth to livebirth but, more importantly, an
increased tendency to register (as either stillbirths or livebirths) those fetuses or infants
who may have previously been considered as miscarriages by their mothers and health
care providers [34-36]. This tendency may also have been fuelled by legal, religious, cul-
tural, and economic imperatives, which may differ substantially from one industrialized
country to another. In fact, such a tendency could explain (at least in part) the United
States' poor international ranking in infant mortality. In one recent study, we demonstrat-
ed that an apparent increase in infant mortality in Canada in 1993 was eliminated merely
by controlling for the proportion ofbirths less than 500 grams [37].
CONCLUSIONS
With the possible exception ofFrance, industrialized countries have seen no signifi-
cant reduction in recent incidence of preterm birth. It may well be that some would-be
improvement in preterm birth has been masked by simultaneous changes in the incidence
ofmultiple births, the use ofearly ultrasound estimation ofgestational age, earlier obstet-
ric intervention in pathologic pregnancies, and increased registration ofextremely imma-
ture infants. Further studies are required to quantify the contribution of each of these
changes to the observed trends in preterm birth. Studies are currently underway in
Montreal, nationwide in Canada, and other countries in an attempt to provide such a quan-
tification.
Acknowledgement: Dr Kramer is a Distinguished Scientist of the Medical Research Council of
Canada.
REFERENCES
1 McCormick, M.C. The contribution of low birth weight to infant mortality and childhood mor-
bidity. N. Engl. J. Med. 312:82-90, 1985.
2. Preventing low birthweight. Institute of Medicine. Washington, DC: National Academy Press,
1985.
3. Dollfus, C., Paletta, M., Siegel, E., and Cross, A.W. Infant mortality: a practical approach to the
analysis ofthe leading causes ofdeath and risk factors. Pediatrics 86:176-183, 1990.
4. Morisson, J.C. Preterm birth: a puzzle worth solving. Obstet. Gynecol. 76:55-125, 1990.
5. Lee, K.S., Paneth, N., Gartner, L.M., Pearlman, M.A., and Gruss, L. Neonatal mortality: an
analysis ofthe recent improvement in the United States. Am. J. Public Health 70:15-21, 1980.
6. Kliegman, R.M. Neonatal technology, perinatal survival, social consequences, and the perinatal
paradox. Am. J. Pub. Health 85:909-913, 1995.
7. Division of Nutrition, National Center for Chronic Disease Prevention and Health Promotion.
Increasing evidence oflow birth weight-United States, 1981-1991. MMWR 43:335-339, 1994.
8. Kessel, S.S., Villar, J., Berendes, H.W., and Nugent, R.P. The changing pattern of low birth
weight in the United States, 1970 to 1980. JAMA 251:1978-1982, 1984.
9. Alberman, E. Are our babies becoming bigger? Royal Soc. Med. 84:257-260, 1991.
10. Ng, E. and Wilkins, R. Maternal demographic characteristics and rates of low birth weight in
Canada, 1961 to 1990. Health Rep. 6:241-252, 1994.
11. Kleinman, J.C. and Kopstein, A. Smoking during pregnancy, 1967-80. Am. J. Public Health
77:823-825, 1987.232 Kramer: Prevention ofpreterm births
12. Flegal, K.M., Harlan, W.R., and Landis, J.R. Secular trends in body mass index and skinfold
thickness with socioeconomic factors in young adult women. Am. J. Clin. Nutr. 48:535-543,
1988.
13. Taffel, S.M. Maternal weightgain and the outcome ofpregnancy: United States, 1980. Vital and
Health Statistics, Series 21, No. 44. DHHS Pub. No. (PHS) 861-922.
14. Eastman, N.J. and Jackson, E. Weight relationships in pregnancy: 1. The bearing of maternal
weight gain and pre-pregnancy weight on birth weight in full term pregnancies. Obstet.
Gynecol. Serv. 1003-1025, 1968.
15. Niswander, K. and Jackson, E.C. Physical characteristics of the gravida and their association
with birth weight and perinatal death. Am. J. Obstet. Gynecol. 119:306-313, 1974.
16. Keppel, K.G. and Taffel, S.M. Pregnancy-related weight gain and retention: implications ofthe
1990 Institute ofMedicine guidelines. Am. J. Public Health 83:1100-1103, 1993.
17. Subcommittee on Nutritional Status and Weight Gain During Pregnancy, Food and Nutrition
Board, U.S. Institute ofMedicine/National Academy of Sciences. Nutrition During Pregnancy.
Washington, DC: National Academy Press, 1990.
18. Papiernik, E., Bouyer, J., Dreyfus, J., et al. Prevention of preterm births: a perinatal study in
Haguenau, France. Pediatrics 76:154-158, 1985.
19. Breart, G., Blondel, B., Tuppin, P., et al. Did preterm deliveries continue to decrease in France
in the 1980s? Paediatr. Perinat. Epidemiol. 9:296-306, 1995.
20. Kramer, M.S. Determinants oflow birth weight: methodological assessment and meta-analysis.
Bull. WHO 65:663-737, 1987.
21. Kramer, M.S. Attributable causes of low birth weight. In: Battaglia, F., Falkner, F., Garza, C. et
al., eds. Maternal and extrauterine nutritional factors: Their influence on fetal and infant
growth. Madrid: Ediciones Ergon, 1996. pp. 349-357.
22. Kotelchuck, M. The adequacy ofprenatal care utilization index: its US distribution and associ-
ation with low birthweight. Am. J. Public Health 841:1486-1489, 1994.
23. Meis, P.J., Ernest, J.M., Moore, M.L., Michielutte, R., Sharp, P.C., and Buescher, P.A. Regional
program for prevention of premature birth in northwestern North Carolina. Am. J. Obstet.
Gynecol. 157:550-556, 1987.
24. Yawn, B.P. and Yawn, R.A. Preterm birth prevention in a rural practice. JAMA 262:230-233,
1989.
25. Mueller-Heubach, E., Reddick, D., Barnett, B., and Bente, R. Preterm birth prevention: evalua-
tion ofaprospective controlled randomized trial. Am. J. Obstet. Gynecol. 160:1172-1178, 1989.
26. Heins, H.C., Nance, N.W., McCarthy, B.J., and Efird, C.M. A randomized trial of nursemid-
wifery prenatal care to reduce low birth weight. Obstet. Gynecol. 75:341-345, 1990.
27. Collaborative Group on Preterm Birth Prevention. Multicenter randomized, controlled trial of a
preterm birth prevention program. Am. J. Obstet. Gynecol.169:352-366, 1993.
28. Martin, J.A. and Taffel, S.M. Current and future impact of rising multiple birth ratios on low
birthweight. Stat. Bull. 76:10-18, 1995.
29. Fellman, J.O. and Eriksson, A.W. Biometric analysis of the multiple maternities in Finland,
1881-1990, and in Sweden since 1751. Human Biol. 65:463-479, 1993.
30. Kyvik,V.O., Green,A., and Beck-Nielsen, H. The new Danish Twin Register: establishment and
analysis oftwinning rates. Int. J. Epidemiol. 24:589-596, 1995.
31. Kramer, M.S., McLean, F.H., Boyd, M.E., and Usher, R.H. The validity of gestational age esti-
mation by menstrual dating in term, preterm, and postterm gestations. JAMA 260:3306-3308,
1988.
32. Goldenberg, R.L., Davis, R.O., Cutter, G.R., Hoffman, H.J., Brumfield, C.G., and Foster, J.M.
Prematurity, postdates, and growth retardation: the influence of use of ultrasonography on
reported gestational age. Am. J. Obstet. Gynecol. 160:462-470, 1989.
33. Dombrowski, M.P., Wolfe, H.M., Brans, Y.W., Saleh, A.A.A., and Sokol, R.J. Neonatal mor-
phometry: relation to obstetric, pediatric, and menstrual estimates ofgestational age. Am. J. Dis.
Child. 146:852-856, 1992.
34. Haub, C. andYanagishita, M. Infant mortality: who's number one? Pop. Today 19:36-38, 1991.
35. Liu, K., Moon, M., Sulvetta, M., and Chawla, J. International infant mortality rankings: a look
behind the numbers. Health Care Financing Review 13:105-118, 1992.
36. Howell, E.M. and Blondel, B. International infant mortality rates: bias from reporting differ-
ences. Am. J. Public Health 84:850-852, 1994.
37. Joseph, K.S. and Kramer, M.S. Recent trends in Canadian infant mortality: the role ofchanges
in the registration of live births weighing less than 500 grams. Can. Med. Assoc. J. 155:1047-
1048, 1996.